Introduction
On January 10, 1997, a magnetic cloud produced a major geomagnetic storm. This storm was the first solar terrestrial disturbance followed from its solar source through its consequences in the magnetosphere and ionosphere using the entire suite of resources of the International Solar Terrestrial Physics (ISTP) program. The SOHO LASCO experiment observed the CME expanding from the solar surface apparently toward the Earth on January 6. Early on January 10, WIND first observed the (CME associated) magnetic cloud, which produced a magnetic storm lasting 22 hours. The WIND solar wind parameters are shown in Figure 1 . A shock, observed at 0050 UT, preceded the magnetic cloud by about 4 hours. B,w was generally northward following the shock passage, but turned southward twice for significant periods before the arrival of the magnetic cloud itself at about 0440 UT. During the 22 hour passage of the cloud, B•w was strong (>15 nT)and smoothly rotated from due southward to northward. The cloud was followed by a dense plasma filament, in which n•w increased to over 180 cm '3 by 0100 UT January 11.
We present here the results of a 3-D MHD magnetospheric simulation of the January 10-11 event, performed with the Lyon-Fedder-Mobarry code. The simulation, driven by WIND plasma and field data, models 28 hours of real time, from 0000 UT January 10 to 0400 UT January 11. While giving an overview of the full event, we will focus on the initial hours following the arrival of the magnetic cloud (0500-1200 UT), when B•w was strongly southward, and the impact of the dense plasma filament following the cloud. We find the plasma density plays an important role in controlling magnetospheric and ionospheric activity during the period of southward B•w.
Code Description
The Lyon-Fedder-Mobarry 3D MHD simulation code [e.g., 1500 January 10-0300 January 11
From 1500 UT through the early hours of January 11, Bsw became steadily more northward In response the driven magnetotail and ionospheric activity gradually subsided. However, beginning about 2200 UT, n.
•w started to increase first slowly, then abruptly at 0100 UT the next day to over 100 cm '3, and 20 min later to 180 cm '3. The enormous increase in Pt=, compressed the entire magnetosphere, and moved the dayside magnetopause well within geosynchronous orbit by 0144 UT. Unlike the density impulse described above, this more massive density impulse during northward B.
• w produced minimal ionospheric activity in the simulation.
In Figure 4 
Summary
The simulation results show the importance of both the solar wind magnetic field and density in determining the structure of the magnetosphere and the activity in the ionosphere during the January 10-11, 1997 magnetic storm. The compression of the magnetosphere early on January 11 is not surprising. Simple pressure balance considerations explain the motion of the dayside magnetopause to well within geosynchronous orbit for more than 30 minutes. The simulation agrees quite well with the observations at geosynchronous orbit for this period.
The strong correlation we find between n•w and ionospheric activity during the initial portion of the storm (0500-1500 UT) is of considerable interest. Statistical studies of substorm triggering have focused on the role of northward turnings of the IMF, but have not demonstrated significant correlations with solar wind density enhancements [Lyons, 1996, and references therein]. In the simulation, the lack of intense ionospheric activity for almost 2 hours after the southward turning at 0510 UT is clearly due to the unusually low density in this period. The beginning of intense activity at 0655 UT and the later intensifications at 0730, 0840, and 1100 UT are all due to significant density increases. This indicates the magnetosphere was strongly stressed and directly driven from 0500-1500 UT, and that the kinetic energy of the solar wind (not just the dayside merging rate) was a critical factor in determining the energy transfer from the solar wind to the magnetosphere. It is most likely that the correlation between nsw and magnetospheric and ionospheric activity is due to a condition that characterized 0500-1500 UT on January 10 -unusually strong southward Bsw. Previous studies may not have considered these extreme conditions. In fact, Shue and Kamide [1998] have calculated the correlation between nsw and ionospheric activity in their collection of magnetometer data for January 10. They find little correlation before 0530 UT but a strong correlation thereafter. We suspect that the large amount of coupling between the solar wind and the magnetosphere during the southward phase of the cloud allowed a significant fraction of the incident solar wind kinetic energy to enter the magnetosphere. We intend to pursue this line of investigation through a more detailed examination of this and other events by means of simulation and comparison to observations.
